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(54) IMAGE READING APPARATUS 
(57)Abstract^ 

PROBLEM TO BE SOLVED: To provide an image reading apparatus capable of 
improving an effectual resolution while suppressing deterioration in imaging 
sensitivity. 

SOLUTION: This image reading apparatus is provided with a photoelectric converting 
section for applying photoelectric conversion to the light of an original to be image-read 
into a predetermined reading direction to generate an image signal of the reading 
direction, and a sub-scanner for relatively moving the original and the photoelectric 
converter in a sub-scanning direction to perform sub-scanning. In this image reading 
apparatus, the reading direction of the photoelectric converter is set at an inclined angle 
0(0 ^90° ) obliquely to the sub-scanning direction. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

The photo-electric-conversion section which carries out photo electric conversion of 
the light of the manuscript which is an image reading object in the reading direction 
which was able to be defined beforehand, and generates the picture signal of said 
reading direction. 

The vertical-scanning section which performs vertical scanning by making said 
manuscript and said photo-electric-conversion section displaced relatively in the 
direction of vertical scanning 
It is a preparation ****** reader, 

Said reading direction of said photo-electric-conversion section was aslant set up by 
angle-of-inclination theta (theta!=90 degrees) to said direction of vertical scanning. 
The image reader characterized by things. 
[Claim 2] 

In an image reader according to claim 1, 

Said vertical-scanning section performs said vertical scanning so that the image 
sampling period Ds of said direction of vertical scanning by said 
photo-electric-conversion section may become equal to a bottom type. 
Image sampling period Ds=(image sampling period Dm of said reading direction) 
andcostheta of said direction of vertical scanning ... [1] 
The image reader characterized by things. 
[Claim 3] 

In an image reader according to claim 1, 

Said vertical-scanning section performs said vertical scanning so that the image 

sampling period Ds of said direction of vertical scanning by said 

photo-electric-conversion section may become equal to a bottom type. 

Image sampling period Ds=2-(image sampling period Dm of said reading direction) 

-costheta of said direction of vertical scanning ... [2] 

The image reader characterized by things. 

[Claim 4] 

In an image reader given in any 1 term of claim 1 thru/or claim 3, 

Said photo-electric-conversion section is the configuration of having put in order two 

or more light-receiving element arrays arranged in said reading direction in said 

direction of vertical scanning. 

The image reader characterized by things. 

[Claim 5] 



In an image reader according to claim 4, 

As for said photo-electric-conversion section, a photo detector is located in a line in 
parallel with said direction of vertical scanning. 
The image reader characterized by things. 
[Claim 6] 

In an image reader given in any 1 term of claim 1 thru/or claim 5. 

It had the adjustment device which carries out adjustable [ of said angle-oMnclination 

theta of said photo-electric-conversion section ]. 

The image reader characterized by things. 

[Claim 7] 

In an image reader given in any 1 term of claim 1 thru/or claim 6, 
The picture signal of said reading direction serially putputted from said 
photo-electric-conversion section in connection with said vertical scanning was 
changed into the picture signal of the main scanning direction which carries out an 
abbreviation rectangular cross with said direction of vertical scanning, and it had the 
inclination transducer which generates the reading image of said manuscript. 
The image reader characterized by things. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] 

This invention performs scan reading of manuscripts (film etc.), and relates to the 

image reader which generates image data. 

[0002] 

[Description of the Prior Art] 

Drawing 12 and drawing 13 are drawings explaining the scanning mode of the 
conventional image reader. 

Hereafter, these two conventional examples A and B are explained. 
[0003] 

[Conventional example A] 

In the scanning mode of the conventional example A shown in drawing 12 , it 
intersects perpendicularly in the direction of vertical scanning of a manuscript, and a 
line sensor 81 is installed. This line sensor 81 arranges a photo detector in the shape 
of Rhine, and is constituted. 

a line sensor 81 — a manuscript — every [ sampling period Ds ] — whenever vertical 
scanning is carried out. a manuscript is read per Rhine. The reading image of a 
manuscript is completed by compounding the image of this Rhine unit. 
[0004] 

[Conventional example B] 

In the scanning mode of the conventional example B shown in drawing 1 3 . it 
intersects perpendicularly in the direction of vertical scanning of a manuscript, and a 
line sensor 82 is installed. Two light-receiving element arrays 82a and 82b are formed 
in this line sensor 82. These light-receiving element arrays 82a and 82b make 
[ half-****** ] a pixel location mutual, and are arranged. 

A line sensor 82 outputs the image data carried out by ****** carrying out by reading 
a manuscript with two light-receiving element arrays. The reading image of a 
manuscript is completed by ****** carrying out and compounding this image data 
carried out. 
[0005] 

[Problem(s) to be Solved by the Invention] 

An image reader requires much more high resolving-ization, in order to read a 
manuscript more minutely. 

In the conventional example A, this high resolution-ization is realizable by forming a 
line sensor 81 into a high pixel. However, in high pixeHzation of this line sensor 81 . 
since the aperture of a hit of even a photo detector becomes small, image pick-up 
sensibility falls. Consequently, there was a trouble that S/N of the image diata 



outputted from a line sensor 81 fell. Moreover, in order to compensate the fall of this 
image pick-up sensibility, the exposure time of a line sensor 81 had to be set up for a 
long time, and there was a trouble that the image reading time amount of an image 
reader became long. 
[0006] 

On the other hand, in the conventional example B, the image data for two lines carried 
out by ****** carrying out about the manuscript of one line can be obtained. By 
compounding the image data for these two lines carried out by ****** carrying out, 
high resolution-ization is realizable. However, in a line sensor 82. since the rate of 
duplication of the aperture between Rhine is perpendicularly as large as about 50%. the 
sharp feeling of the perpendicular direction of a reading image becomes low. Therefore, 
reading the detailed detail component of a manuscript had the trouble that it was 
difficult and the effectual resolution of a reading image became low. 
So, it aims at offering the image reader which can raise effectual resolution in this 
invention, suppressing the fall of image pick-up sensibility. 
[0007] 

[Means for Solving the Problem] 
Hereafter, this invention is explained. 
[0008] 
«claim 1» 

Photo electric conversion of the image reader according to claim 1 is carried out in 
the reading direction which was able to define beforehand the light of the manuscript 
which is an image reading object, and it is equipped with the vertical-scanning section 
which the photo-electric-conversion section which generates the picture signal of 
the reading direction, and a manuscript and the photo-electric-conversion section are 
made displaced relatively in the direction of vertical scanning, and performs vertical 
scanning. In this image reader, the reading direction of the photo-electric-conversion 
section is aslant set up by angle-of-inclination theta (theta!=90 degrees) to the 
direction of vertical scanning. 
[0009] 
«claim 2» 

Invention according to claim 2 In an image reader according to claim 1. the 
vertical-scanning section performs vertical scanning so that the image sampling 
period Ds of the direction of vertical scanning by the photo-electric-conversion 
section may become equal to a bottom type. 

Image sampling period Ds=(image sampling period Dm of the reading direction) 



andcostheta of the direction of vertical scanning ... [1] 

[0010] 

«claim 3» 

Invention according to claim 3 In an image reader according to claim 1, the 
vertical-scanning section performs vertical scanning so that the image sampling 
period Ds of the direction of vertical scanning by the photo-electric-conversion 
section may become equal to a bottom type. 

Image sampling period Ds=2-(image sampling period Dm of reading direction) 
-costheta of the direction of vertical scanning ... [2] 
[0011] 
«claim 4» 

Invention according to claim 4 is the configuration that the photo-electric-conversion 
section put in order two or more light-receiving element arrays arranged in the 
reading direction in the direction of vertical scanning, in an image reader given in any 1 
term of claim 1 thru/or claim 3. 
[0012] 
«claim 5» 

In an image reader according to claim 4, as for the photo-electric-conversion section, 
a photo detector is located in a line in parallel with the direction of vertical scanning 
by invention according to claim 5. 
[0013] 
«claim 6» 

Invention according to claim 6 is equipped with the adjustment device which carries 
out adjustable [ of angle-of-inclination theta of the photo-electric-conversion 
section ] to any 1 term of claim 1 thru/or claim 5 in the image reader of a publication. 
[0014] 
«claim 7» 

Invention according to claim 7 changes the picture signal of the reading direction 
serially outputted to any 1 term of claim 1 thru/or claim 6 from the 
photo-electric-conversion section in connection with vertical scanning in the image 
reader of a publication into the picture signal of the main scanning direction which 
carries out an abbreviation rectangular cross with the direction of vertical scanning, 
and is equipped with the inclination transducer which generates the reading image of a 
manuscript. 
[0015] 

[Embodiment of the Invention] 



Hereafter, the operation gestalt which starts this invention based on a drawing is 

explained. 

[0016] 

« — operation gestalt [ of ** a 1 st ]» 

The 1st operation gestalt is an operation gestalt corresponding to claims 1, 2, 3, 6, and 
7. 

Drawing 1 is drawing showing the image reader 1 1 of this operation gestalt. 

The image reader 11 is loaded with a film 12 in drawing 1 . The LED light source 13 

which consists of two or more LED (RGB, LED of infrared light I, etc.) is arranged at 

the insertion place of this film 12. This LED light source 13 is driven by LED drive 

circuit 13a. This LED drive circuit 13a is controlled by the luminescence control signal 

from a microprocessor 1 4. 

[0017] 

The illumination light which passed the film 1 2 passes a lens 1 5, and carries out image 
formation of the light figure of a film 12. A location is doubled with the image formation 
side of this light figure, and the light-receiving element array of a line sensor 1 6 is 
arranged. According to the control signal from a microprocessor 1 4. this line sensor 16 
carries out photo electric conversion of this light figure, and generates image data. 
This line sensor 1 6 is arranged on the rotation stage 32 as for which a rotation drive is 
carried out by the sensor rotation device 31. A microprocessor 14 carries out 
adjustable [ of angle-of-inclination theta (refer to drawing 3 ) of a line sensor 16 ] by 
rotating the rotation stage 32 through the sensor rotation device 31. 
[0018] 

On the other hand, the film location detection sensor 17 is arranged around a film 12. 
The sensor output by this film location detection sensor 17 is outputted to a 
microprocessor 14. A microprocessor 14 gives a control signal to the film drive 23 
according to this sensor output. The film drive 23 moves a film 12 to a longitudinal 
direction intermittently according to this control signal (vertical scanning). In addition, 
a film 12 side may be fixed and an optical-system side may be moved. 
[0019] 

Synchronizing with vertical scanning of such a film 12, the image data scanned by line 
sequential is outputted from a line sensor 1 6. After this image data is digitized through 
A/D converter 25, it is given to the image-processing circuit 26. The 
image-processing circuit 26 performs an image processing to this image data. This 
image-processing circuit 26 is connected to buffer memory 27 through a bus 21. 
Moreover, a microprocessor 14 and an interface 28 are also connected to a bus 21. 



The image reader 1 1 is connected to the external computer 29 through this interface 
28. 

[0020] 

[Correspondence relation with invention] 

Hereafter, the correspondence relation between invention and this operation gestalt is 
explained. In addition, correspondence relation here does not illustrate one 
interpretation for reference, and does not limit this invention to ** and others. 
The photo-electric-conversion section given in a claim corresponds to a line sensor 
16. 

The vertical-scanning section given in a claim corresponds to the film drive 23 and a 
microprocessor 14. 

An adjustment device given in a claim is equivalent to the sensor rotation device 31. 

An inclination transducer given in a claim corresponds to a computer 29. 

[0021] 

[Explanation of the 1 st operation gestalt of operation] 

Drawing 2 is a flow chart explaining actuation of the 1st operation gestalt. 

Here, along with the processing step shown in drawing 2 . the outline of the actuation 

about image reading is explained first. 

[0022] 

Step SI: A microprocessor 14 rotates the rotation stage 32 through the sensor 
rotation device 31, and doubles angle-of-inclination theta of a line sensor 16 with a 
user's set point. This angle-of-inclination theta is an angle of inclination over the 
direction of vertical scanning of a film 1 2, as shown in drawing 3 . 
[0023] 

Step S2: A microprocessor 14 distinguishes the mode selection by the user. 

Here, when all scan modes are chosen, a microprocessor 14 shifts actuation to step 

S3. 

On the other hand, when check scan mode is chosen, a microprocessor 14 shifts 

actuation to step S4. 

[0024] 

Step S3: According to the own alternative in all scan modes, a microprocessor 14 sets 
the image sampling period Os of the direction of vertical scanning as the value of a 
bottom type. 

Ds=(pixel spacing Dm of a line sensor), andcostheta ... [1] 

A microprocessor 1 4 shifts actuation to step S5 after such setting-operation. 

[0025] 



Step S4: According to the own alternative in check scan mode, a microprocessor 14 
sets the image sampling period Ds of the direction of vertical scanning as the value of 
a bottom type. 

Ds=2-(plxel spacing Dm of line sensor) -costheta ... [2] 

A microprocessor 14 shifts actuation to step S5 after such setting-operation. 
[0026] 

Step S5: A microprocessor 14 controls the film drive 23, reads a film 12, and moves to 
a starting position. As shown in drawing 5 A, this "reading starting position" is a 
location where the photo detector of a line sensor 16 laps with the coma starting 
position of a film 12 first. 
[0027] 

Step S6: A microprocessor 1 4 carries out sequential lighting of the LED light source 
13 in color, and reads the light figure of a film 12 to line sequential through a line 
sensor 1 6. At this time, from a line sensor 1 6, as shown in drawing 3 , the RGB code of 
the direction (that is, the reading direction) to which only angle-of-inclination theta 
inclined to the direction of vertical scanning is outputted per Rhine. 
[0028] 

Step S7: After a microprocessor 14 carries out A/D conversion of this RGB code, it is 

transmitted to a computer 29. 

[0029] 

Step S8: A microprocessor 14 judges whether vertical scanning was completed about 
the film 12. 

When vertical scanning is not completed, a microprocessor 14 shifts actuation to step 
S9. 

On the other hand, when vertical scanning is completed, a microprocessor 14 shifts 

actuation to step S10. 

[0030] 

Step S9: As for a microprocessor 14, only step S3 or the image sampling period 
[ finishing / a setup by step S4 ] Ds moves a film 1 2 in the direction of vertical 
scanning. Thus, after changing the reading location of a line sensor 16. a 
microprocessor 14 returns actuation to step S6. 

Thus, by repeating actuation of step S6-9, the two-dimensional scan of a film 12 is 
performed and a scan image is generated. 

Drawing 3 is drawing showing the situation of the two-dimensional scan in all scan 
modes. On the other hand, drawing 8 is drawing showing the situation of the 
two-dimensional scan in check scan mode. 



[0031] 

Step S10: A computer 29 (driver program) eliminates a garbage from a scan image 
based on angle-of-inclination theta, the configuration specification of a film 12, etc. 
This garbage is a field which some line sensors 16 separate from which and produce 
[ reasons / of the inclination of a line sensor 16 etc. ] from the usual picture area of a 
film 12. As this garbage, images, such as the Bello part (film reader) of a film 12, a part 
between coma, a mounting part of a slide, an image part of a contiguity coma, and 
perforation of a film, correspond, for example. 

In addition, about the garbage about a contiguity coma, you may use effectively as the 
PURISU can image of a contiguity coma, or a scan image of a contiguity coma. Such 
efficient processing enables it to shorten the image reading time amount of a film 12 
further. 
[0032] 

Step Sli: A computer 29 (driver program) carries out the image processing of the 
leaning scan image of a pixel array according to the value of angle-of-inclination theta, 
and changes a pixel into an average poor reading image in a main scanning direction 
(this conversipn is hereafter called "inclination conversion"). 
[0033] 

Step SI 2: As for a computer 29 (driver program), this scan mode judges whether it is 
check scan mode. 

In the case of check scan mode, a computer 29 (driver program) shifts actuation to 
step SI 3. 

On the other hand, in the case of all scan modes, a computer 29 (driver program) 
passes the reading image generated at step S11 to application software etc., and 
completes actuation. 
[0034] 

Step SI 3: The reading image sampled in checkers is generated in check scan mode. A 

computer 29 (driver program) carries out pixel interpolation of this reading image, and 

arranges the signal of all pixels. A computer 29 passes the reading image after 

interpolation to application software etc., and completes actuation. 

Image reading of a film 12 is completed by a series of actuation mentioned above. Next, 

the operation effectiveness in each scan mode is explained concretely. 

[0035] 

[The operation effectiveness in all scan modes] 

Drawing 4 is drawing showing the sampling position in all scan modes. Drawing 5 is 
drawing explaining rearrangement of a pixel. In addition, the oddth and even-numbered 



sampling is divided into drawing 5 A and drawing 5 B. and drawing 5 shows it so that 
the physical relationship of a pixel may become clear. 

The image sampling period Ds of vertical scanning is set up so that the 
above-mentioned [1] type may be satisfied in all these scan modes. By performing 
vertical scanning with this image sampling period Ds, the sampling position of a scan 
image is located in a line in the shape of a grid, as shown in drawing 4 . 
As for the sampling period of the direction of vertical scanning, at this time, the 
sampling period of a main scanning direction becomes equal to Dm-sintheta equally to 
Ds (=Dm-costheta). 
[0036] 

Since a sampling period in every direction is in agreement especially when 
angle-of-inclination theta is set as 45 degrees, it becomes possible to obtain the scan 
image of a square pixel (the in-every-direction spacing ratio of a pixel is 1). 
[0037] 

Thus, a grid-like sampling [ image ] is performed in all scan modes. Therefore, if each 
pixel of a scan image is rearranged in grid-like sequence, it will end with the inclination 
conversion (step S11) mentioned above, and a reading image can be generated simply. 
(It specifically sets in the scan image shown in drawing 5 , and is a 11, a 12, and a13 .. It 
is a21, a22, and a23 .. What is necessary is just to rearrange a pixel in order) 
[0038] 

furthermore, pixel spacing (=Dm-sintheta) of a main scanning direction be shrunken in 
such all scan modes by leaning a line sensor 16 — high pixeHzation of a main 
scanning direction can be attained. 
[0039] 

For example, a raise in the pixel of the following main scanning directions is possible, 
contrasting the conventional example A at this operation gestalt. 
In the case of theta= 60 angles of inclination, it is the about 1.15-time pixel number of 
main scanning directions. 

In the case of theta= 45 angles of inclination, it is the about 1.41 -time pixel number of 
main scanning directions. 

In the case of theta= 30 angles of inclination, it is the about 2.00-time pixel number of 

main scanning directions. 

[0040] 

On the other hand, if high pixeHzation of this main scanning direction is suppressed 
to some extent, it will become possible to use the line sensor 16 with the large spacing 
Dm of a photo detector. In this case, as an example is shown in drawing 6 , it becomes 



possible to expand the aperture of each photo detector from the conventional 
example A. This aperture expansion enables it to raise the image pick-up sensibility of 
a line sensor 16. 
[0041] 

For example, improvement in the following image pick-up sensibility is possible. 

contrasting the conventional example A at this operation gestalt. 

In the case of theta= 60 angles of inclination, it is about 1 .3-time image pick-up 

sensibility. 

In the case of theta= 45 angles of inclination, it is about 2.0-time image pick-up 
sensibility. 

In the case of theta= 30 angles of inclination, it is about 4.0-time image pick-up 
sensibility. 

Improvement in such image pick-up sensibility enables it to raise image S/N of a scan 

image. 

[0042] 

Furthermore, the storage capacitance of a signal charge increases with this aperture 
expansion, a signal dynamic range is expanded, and it also becomes possible to 
generate the picture signal of rich gradation. 
[0043] 

Moreover, it becomes possible to shorten the reading time amount of an image 
because only the part to which image pick-up sensibility became high shortens the 
exposure time of a line sensor 16. 
[0044] 

Furthermore, in all these scan modes, the rate of duplication of the aperture between 
Rhine can be made smaller than the conventional example B, as an example is shown 
in drawing 7 . Consequently, the high reading image of a sharp feeling is generable from 
the conventional example B. Since especially all the scan modes of this operation 
gestalt overlap with balance of aperture sufficient in the direction in every direction, 
they do not have the unnaturalness that a perpendicular chisel sharp feeling falls like 
the conventional example B, and have the advantage in which a natural reading image 
is obtained. 
[0045] 

Furthermore, in all scan modes, pixel spacing (=Dm-sintheta) of a main scanning 
direction can be flexibly changed by adjusting angle-of-inclination theta of a line 
sensor 16. Consequently, the image reader which can adjust the optical resolution of a 
main scanning direction is realizable. 



[0046] 

[The operation effectiveness in check scan mode] 

Drawing 9 is drawing showing the sampling position in check scan mode. 
The image sampling period Ds of vertical scanning is set up so that the 
above-mentioned [2] types may be satisfied in this check scan mode. In this image 
sampling period Ds, the sampling position of a scan image becomes checkerHike, as 
shown in drawing 9 . 

At this time, the resolvable minimum interval in the direction of vertical scanning is 
equal to Dm-costheta, and the resolvable, minimum interval in a main scanning 
direction becomes equal to Dm-sintheta. 
[0047] 

since the minimum interval in which resolving in every direction is possible is in 
agreement especially when angle-of-inclination theta is set as 45 degrees — 
definition ability — in every direction — the balance and **** — it becomes possible 
to obtain a natural scan image. 
[0048] 

Thus, in check scan mode, a sampling is performed in checkers. Therefore, in the 
inclination conversion (step S1 1) mentioned above, the reading image of a check array 
is [ that what is necessary is to assign each pixel of a scan image to checkered 
sequence and Just to rearrange it ] simply generable. The reading image of a lattice is 
generated by performing interpolation processing of step SI 3 to the reading image of 
this check array. 
[0049] 

furthermore, pixel spacing (=2Dmandsintheta) of a main scanning direction be 
shrunken in such check scan mode by leaning a line sensor 16 — it becomes possible 
to attain high pixel-ization of a main scanning direction. 
[0050] 

On the other hand, if high pixel-ization of this main scanning direction is suppressed 
to some extent, it will become possible to use the larger line sensor 16 of the spacing 
Dm of a photo detector. As an example is shown in drawing 6 also in this case, it 
becomes possible to expand the aperture of each photo detector from the 
conventional example A. By this aperture expansion, effectiveness, such as 
improvement in image pick-up sensibility, improvement in image S/N. expansion of a 
signal dynamic range, and compaction of image reading time amount, can be acquired. 
[0051] 

Furthermore, in check scan mode, pixel spacing (=Dm-sintheta) which can resolve a 



main scanning direction can be changed by adjusting angle-of^inclinatipn theta of a 
line sensor 16. Consequently, the image reader which can adjust the resolution limit of 
a main scanning direction is realizable. 
Next, another operation gestalt is explained. 
[0052] 

« — operation gestalt [ of ** a 2nd ]» 

The 2nd operation gestalt is an operation gestalt corresponding to claims 1-7. 

The description on the configuration of the 2nd operation gestalt is a point which has 

arranged the line sensor 41 which replaces with the line sensor 16 shown in drawing 1 . 

and is shown in drawing 10 A. This line sensor 41 arranges and constitutes two or 

more light-receiving element arrays 41a and 41b in the direction of vertical scanning. 

[0053] 

Thus, the picture signal of two or more lines can be outputted at once by having put 
the light-receiving element arrays 41a and 41 b in order in the direction of vertical 
scanning. Consequently, the count of migration of the direction of vertical scanning 
can be reduced, and the reading time amount of an image can be shortened. 
Moreover, as for the line sensor 41 shown in drawing 10 A, a photo detector is located 
in a line in parallel with the direction of vertical scanning. Therefore, since the 
sampling position of a scan image is located in a line in parallel to the direction of 
vertical scanning, inclination conversion of a scan image becomes easy. 
[0054] 

What is necessary is incidentally, just to shift the phase of the light-receiving element 
arrays 41a and 41b in the reading direction by modification of angle-of-ihclination 
theta, when a photo detector is not parallel in the direction of vertical scanning, for 
example, as shown in drawing 10 B. Moreover, for example, as shown in drawing 10 C, 
spacing of the light-receiving element arrays 41a and 41b may be adjusted. These 
adjustments enable it to align a photo detector in the direction of vertical scanning. In 
addition, such adjustment is realizable with a mechanical or optical device etc. 
[0055] 

Supplementary matter [ of «operation gestalt ]» 

By the way. with the operation gestalt mentioned above, the image sampling period Ds 
of the direction of vertical scanning was determined using [1] type or [2] types. In 
such an image sampling period Ds, as shown in drawing 4 and drawing 9 , the sampling 
position of a iscan image aligns in a main scanning direction. Consequently, it becomes 
possible to carry out inclination conversion quickly and simply only by pixel 
rearrangement. 



[0056] 

However, this invention is not limited to this. For example, the image sampling period 
of the direction of vertical scanning may be set as a different value from [1] type or 
[2] types. Drawing 1 1 is drawing showing the situation at the time of setting up a 
different image sampling period. It turns out that a sampling position carries out equal 
distribution also in this case at the whole image, and a good scan image can be 
obtained. However, since such each pixel of a scan image does not correspond to 
each pixel and one to one of a final reading image, it cannot perform inclination 
conversion simply by pixel rearrangement. In such a case, what is necessary is to use 
the weighting average by a linear interpolation method, the bilinear method, bicubic, 
the NIARESUTONEIBA method, the surface ratio pile, or distance, and other image 
interpolation, and just to perform inclination conversion. 
[0057] 

Moreover, with the operation gestalt mentioned above, the line sensor 16 is spatially 
arranged to the slanting sense. However, this invention is not limited to this. For 
example, you may make it the reading direction of a line sensor 16 become the 
slanting sense to the direction of vertical scanning by forming the light figure which 
inclined according to optical system. Furthermore, you may carry out adjustable [ of 
angle-of-inclination theta of the reading direction ] by carrying out adjustable [ of 
whenever / tilt-angle / of a light figure ] using optical system. 
[0058] 

In addition, the operation gestalt mentioned above explained the case where 
inclination conversion was carried out to a computer 29 side. However, this invention 
is not limited to this. For example, inclination conversion may be carried out in the 
interior of the image reader 11 (a microprocessor 14, image-processing circuit 26. 
etc.). 
[0059] 

Moreover, the operation gestalt mentioned above explained the case where a user set 
up angle-of-inclination theta. However, this invention is not limited to this. For 
example, angle-of-inclination theta may be made immobilization. Moreover, for 
example, angle-of-inclination theta may become small too much, and the adjustable 
range of angle-of-inclination theta may be restricted so that the usual picture area of 
a film 1 2 may not overflow a line sensor 1 6. Moreover, according to film size (size of 
the main scanning direction of a manuscript), the control section which carries out 
adjustable control of angle-of-inclination theta so that the usual picture area of a film 
12 may not overflow a line sensor 16 may be prepared. 



[0060] 

Furthermore, the operation gestalt mentioned above explained the case where 
angle-oWnclination theta was set up in addition to 90 degrees. However, this 
invention does not except the case where angle-of~inclination theta is set as 90 
degrees. For example, what is necessary is just to carry out the same reading 
actuation as equipment conventionally, when angle-of-inclination theta is set as 90 
degrees in the operation gestalt mentioned above. 
[0061] 

In addition, as a desirable application application of this invention, angle-of-inclination 
theta of the photo-electric-conversion section can be held during a scan to the 
manuscript or the direction of vertical scanning for image reading at constant value. 
Furthermore/ as a desirable application application, while scanning the image sampling 
period of the direction of vertical scanning, it can hold to constant value. If such 
conditions are satisfied, it will become possible to attain certainly and correctly 
effectiveness mentioned above, such as a raise in a pixel, and improvement in image 
pick-up sensibility, on the scale level of a detailed pixel. From such a viewpoint, this 
invention is not limited to the film scanner of an operation gestalt, but may be applied 
to a flat bed scanner etc. 
[0062] 

[Effect of the Invention] 

As for the image reader of this invention, the reading direction of the 
photo-electric-conversion section is set as the slanting sense by angle-of^inclination 
theta (theta!=90 degrees) to the direction of vertical scanning. By setup of such 
slanting sense, the photo-electric-conversion section becomes long in the reading 
direction from the conventional example A. Therefore, aperture of a photo detector 
can be made larger than the conventional example A, and the fall of the image pick-up 
sensibility by raise in a pixel can be suppressed. 

Furthermore, the rate of duplication of aperture can do the image reader of this 

invention smaller than the conventional example B, and it becomes easy to raise 

effectual resolution. 

[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the image reader 11. 

[Drawing 2] It is a flow chart explaining actuation of the 1st operation gestalt. 
[Drawing 3] It is drawing showing the situation of the two-dimensional scan in all scan 
modes. 

[Drawing 4] It is drawing showing the sampling position in all scan modes. 



[Drawing 5] It is drawing showing rearrangement of a pixel. 
[Drawing 6] It is the comparison Fig. of aperture. 

[Drawing 7] It is the comparison Fig. of the rate of duplication of aperture. 

[Drawing 8] It is drawing showing the situation of the two-dimensional scan in check 

scan mode. 

[Drawing 9] It is drawing showing the sampling position in check scan mode. 
[Drawing 1 0] It is drawing explaining actuation of the 2nd operation gestalt. 
[Drawing 1 1] It is drawing showing an example of the sampling position of a scan image. 
[Drawing 1 2] It is drawing explaining the scanning mode of the conventional example A, 
[Drawing 13] It is drawing explaining the scanning mode of the conventional example B. 
[Description of Notations] ^ 
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28 Interface 

29 Computer 

31 Sensor Rotation Device 

32 Rotation Stage 

33 Sensor Rotation Device 
41 Line Sensor 
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